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(54) ALL SOLID SECONDARY BATTERY AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide higher 
density and longer life for an inorganic solid 
electrolyte and reliability against failure and firing 
and to conveniently form the inorganic solid 
electrolyte without using thin film molding on a 
positive electrode active material. 
SOLUTION: An all solid secondary battery 1 
includes a positive electrode 2 formed of 
positive electrode active material, a negative 
electrode 3 formed of negative electrode active 
material and an inorganic solid electrolyte 4 laid 
between the positive electrode 2 and the 
negative electrode 3, the inorganic solid 
electrolyte 4 being sintered while applying a DC 
pulse current to a powdered structural material 
for the inorganic solid electrolyte 4 under 
pressure. 
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/ 

It*i*4tB#l!=*«illK*V>T. m(fe4ft^@* 

[§1*12] fiftP^ilitfiW^SI,! 
«tcn&iES»rX**©IHI»c^«E4n-6*i*H#««P 

m. 

B#««Wl t SflSISk: J: 0 -#MLT41fSrM 
[0 0 0 1 ] 

-5. 
[0 0 0 2] 

[0 0 0 3] LA>U ©«fg5rfiJffl-r^-^m?fiT«, 

£5. iisx^^-ffiS'fbofcj&^fififfifiax 


(2) #S? 2000-200621 

#§H=. Sft-. H;il*4t, mitUL^cfctfl 

HtWUfc^. vol. 66, No. 3 (1998) , p 
3 1 4-3 2 0#flg) , X#«ffi©gS&lfi»fl:©fc«>»::tt 

[0004] z\<D£?iz. -&n.m\znm%L*mm-?z> 

fH. SBfc, *fflflS*3fefiJbfc£B#lt*« 
SntHi. L-^U ffi#?Btt«flPfra6 0~8 0*C 

»UT*^BWMB0lt A£U:&i&« £«A fcB» 

[0005] cmic*fu mmmtvxmmttm^m^ 
tfcLTPiKisnsL i t i j (poo 3 a, mm 

iMSISiLTflTfeli^ #J;L«*BfflKJSffi©=fc 
5t¥*6K:iPj»Ufe*t6lnffi-r-5ffl*©«ilSScT?tt. ft 

50 z*tltt/TI4. «B#mS?«£IE®f;:*fLTX£ 
^*«¥T'«Mfi)c^-r * Z\ £ \Z «fc 0 L- T »J« L © 
*«**. 
[0 0 0 6] 

[^*i#pstL.«t3t-rs8i)S] b*->La^e>. ±aib 

fc^H#S!=:*«»trtt, XKBBttBflFStSIEff kittle 
aKb&*BBT* ■&£#»;:. tr>*-;i/©»4«ft:J:0* 

40 K. Kanehoriet a l . , Solid St 
ate Ionics, vol. 9/10 (198 
3) , p 1 4 4 5#B) KttOr^mjdilcttafflatHK 

[0 0 0 7] t-CT. #»9Itt, BBBWMMOKB 

£05 £»Btt«flFK£B'BWl(lCttLTWM 
J*#Ufc<Tfc««K»jrc#*£B(frfflz:&*»Rtf 

* ofp«*ft * ««-r * n <t * s n t -t s . 

[0 0 0 8] 

50 [B«**«-r«fca&o^gl!] ^4BW*«*T5fc 
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-MitOiilMSli irt issn^-L i T i 
2 (P04) 3 OS*J MTTtt«M;^^ l/Tig 
WZ<fe®3-Z> Z. t C«t 13 . 0 9 Slfla 1 0 tc^T J; 5 1' 

i 2 (PO4) 3 ©j&IS#£t#&C<brtn?€3<£5tC&o 
[0 0 0 9] fCT, 1 gH«©5B9!Wu flHfeK* 

e> fi£ ^> e« t tsm a s ft m <t c n e jess tfft s 

&*»K:*H»T. ««8H»t8*Stt. 
*KlOJETTtt*/ WX^SKSBIttl LTi^ Lfc t> COT 

[0 0 10] IfcAbT, ^«SH»«»a©^SS©IS^ 
tt£ETK:*t»T»#0*e*fft>T^*©T. MEEK J: 

[0011] mi£vt£&e>/vvxvinmx.anffi 

[0 0 12] C©fco. !S«l@frm^S©ffK©fc«){I 

*©»±«£J:*^S£0©li££fi?f«T£, ua*t>» 
#© i E&fg*iittSs«*:# < &o T<H* fc-^Sfliilcilffl 

*j«c:fc*.. s&ic, t^s^©»«H#a»s©iiBsg« 

fbSr0-5Ct*tT#S©T?, «mi4St/^g^f6]±T«. 

[0 0 13] lf*^2|B«©%^« < S«|||3B»6 

^*jEatS^S^6fiE4ftffi<i:Cin«3iEffiS^ftfS© 
|IBfc^ft«^*«lMra*«*m£ft«;*.*£HlttSfc:3: 
fcifitCiS^T. IE® £ lift® © 5 *>©4>& 

<hMffi@#fi&H©©*,h£faJlL-C. ^©«Jf8>*{c 
ttET7ftK/WX«K*HlAl UTAH* Lfc *>©■?* 


(3) #Bfl 2000-200621 

[00 14] Lfe*5, T , IEffi*fcl±ftffi©3-&©4>fc 

[0 0 151 af^JS 3 te®©^:Hl*^-^:affi© 

ftlS^&ti, IES*fc«ftffi©3-fe©-^©i^S:«fi)c-r 

^.fstis©«»*t»is@i*«»a©»*t*2«ica® 

bT, ^©ISS«»*(Ctt]ffiTTHii5/\";i-7.SsftS:gil)nb 
T-;£©®<hM&B4*fi«M£ J: 0 -#:^fig 

[0 0 16] LfcAt^T. MISHttttftFKRtf&ffitt© 
fP«©fc«)CnSI5*^HfflKl£:ffiat*jPS^b^<T ! t>«» 

flc«+^{c;ijaia3nT«iie$n-5©-e. 

[0 0 17] SAc. li^4t2SE©^S#l)-^:«!fe© 
fl*tt#&tt. IEttRtfft*S#j£TS»4fe*©»*<>:#S 
«Bfl:m«?f!©l»*tS3g{raSbT, ■*©«)■»* 

[0 0 18] Lft^T. *EMB9tttt#flratfKa*tt© 

flc«+^tcsns»$nT^^n2)©T, ^H^st^m 
■e. £B#s^*ttaff'Mi»n*xcai9nic*iiA.s 

30 [0019] 

■ HflEffl— 1 ©— «w&j&ii©— ey^jfrr. c©£ 
i#s-*iiin fl§ftSA>e.fie-5iEffi2 tmvanfr 
zm&nm 3 <t cne>iE« 2 rumw. 3 ©HKfl-fiEsn 

*at«H#S#S54<i:£fiiA-5t>©T»£. ^d"e©^ 

[0 0 2 0] ^-LT, IES2 <hIlSMM4 fctt, 
40 #tttt©&*&flM IT, *©«B»*fci«iBET-c?iasii 

•Sfe©t ZWtctb. S?^# 5 ©fPK©ISfC 

S^jPJRUft<Tt>^tt+»KlllJRSnTflMS«*nT 
JO 5©iB5SS{bSria-5Ci:*<-e#S©T, IEffi2 
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(4) 

5 

&mti&&&&fa±t£-£Z>Cttf'e%Z>o Site. Mffi3 

te&$B#m»it 4 ten* DWtanTi^. 

[0 0 2 1 ] 4 <h IT«> « A tf L i T 

i 2 (P04) 3, LiZrz (PO4) J, LiGez (P 
04)3. LiLaTiOj, L ijN, L i 3 PO4, Li 

fcT*$>ZL i T i 2 (PO4) teflg 
SMMMW40BST»5LITi! (PO4 ) 3 

5£$n*fe<75"C«3S:<, W*tf*#*-&fifcft (K a z u a 
ki Ado, Yuria Saito, Takash 
i Asai, Hi royuk i Kageyam 
a, and Osamu Nakamura, C h e m 
istry Express, vol. 7 (1992) 
P 24 5M) *H«K*tt»Oda¥tt»: J: 0««T 
L i OH ■ H2 O, HeTiOs, H 
3 P O4 Ufc*J»ftdt»*S^ttHfflJR«» 
JCctOS'&nfcL i T i 2 (PO4) 3 0»flcftfflVi4C: 

20 

[0 0 2 2] Sfc, iE*©B««tbT»4, ^JA«L i 
C0O2 , LiNiOz % LiMn2 O4 , L 14 Mn 
5 O12, L i F e O2 > L i T i 2 O4 , L i 4 T i 5 

S*»T»*L i C0O2 bli. jES»« 

I©B8T*SL i C0O2 ©»#<art«#ffil;:^>v>T 

KSt-S^t^'r**^ L i OH - H2 O, Co OO 

6*lfcL i C0O2 ©»#«rfflli*Ct3W»*b^. H 
Id, ftftcOSftKtUTtt, #J*_«L i . L i Ce> L 
i-Al^, Li-In^, Li-Sn64*#* 

[0 0 2 3] IESettK&MI«B#««Ht4£:a) 
ffl^8i, ±T-tt<£J[£ffiMmffl/^>5P9, lOi 

1, 1 2tc£&$nT*5D, KiiasnjE/iv^mffii 

1, 1 2**LT^-f 8lcBi*atlfc»*7fclPJE*P 
[0 0 2 4] *W 8S^>f9, 

9, 1 0SRtt»ttl:nt«l:^ 8S/^>f9, 1 


4#I82 000-200621 
*JS»«Ttt^-f 8R^>^9, 10£®mtt<Z>&£> 

[0 0 2 5] ffl®iDJEA>5HHI 11. 12«, 2JDEE«§ 
«1 3trJ:0^1j^nT/N o >^9, 10^1X^7 
^Mt^o iiSiflE£/1>^ffil 1, 12ft 

Email 4\z£r)/wxnffit)m*k2nT, y^s&zf 

MHOflE/^fiil 1. 12H ft£P7kKl 5* ft* 

[0 0 2 6] ^ 8Rtf/S>^9, 1 0iji«UPEE/^> 
11, 12 ©jfeMffite, >A 1 6 \Z 

[0 0 2 7] C08(i^7X'-7MgI6^j 
PgRl8te, ttU£«fl|13£:* if^liUi, A°> 

^9, 1 o(offiB«a»g-r«ffiBM-nfli«ii 9<h> #s 
>ft«n, 1 2<Dftm*n?7kfti$mm2 0 m 

MW8S1 8J4aDJE««l 3SK»f-5Ci:k:J:t), 
/1 >^ 9 , 10 &ffife<D&ffiEEtn?B{£ 7 £EE*§T3 J; 

tr«*«2 1 fc«fct)ttasn*. ^©«amttw»»i 

[0 0 2 8] f|ifflg& 1 8 -CH, 7 ©agfeffifi^f 

$ jh& mm t - a-r * £ 5 « £ 

HSiT^o &gloSi;T?frS]*&l 5«*IT 

aflMWEE/^^Wffil 1. 1 2<D<fe&&fto 0 
[0 0 2 9] ±JfiL&^iM*a!n*«»l«:ff«-r** 

[0 0 3 0] ^*6. ffii«ilBltt:tt«FH4&iE«&«K£:a) 

Ti 2 (po 4 ) 3 **f&&f&m\z < k 0 mm-Tz>m&\z. 

MAtfffiSSftHtLTL iOH-Hz O, H2 T i 
O3 , H3 PO4 ft*»ttt+Tffi^a^SH$bT«*& 
Ctf)L i OH ■ H2 O, H2 T i O3 , Hs 
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po4 <Dmm<ommt. ^-rn*>o. 05 — 5. om, 

£D#£L<teO. 1- 1 M^fSfflJCfSo £<£>i§f&£ 

«*tf3 8 ot:T5«piBi*J»«i3ib, »6nfcaea:iB 

LiTi 2 (POO 3 £#-T?€f*. 
[0 0 3 1 ] xE«««K£LTL i C0O2 

L i OH • H2 OatfCoOOHS^KtTl^Stf 
M»lT8**4*t5. d(DL i OH • H2 CKDMm 
ttlOOmlOHj OtC^bl~20g, £9*?£L< 
g<D$SBT&9> SfcCoOOHOS^i* 

110. 1-2 0M©M, J:D!ff^b<H5- 1 5 MO 
BBfc-T*. d©SJK«:«^tf2 2 0TCT1 0P#BB*JK 

111, »6nfctt«*JK«*T*»bT3^6«abT 
K»$^ili:{CcfcDL i C0O2 »**»*Ct3^T 

[0 0 3 2] fit, My7X7ftlS8I6©^8 

[0 0 3 3] Z(Dtc&. »#7ttttl£E*cJ:0EE»#4:a: 

S# 7 ^(8^^^$nTS&# 5 l^cC^o 

5-60MPa, L < « 1 0 ~ 5 0 M 
PaOffWW^ni. 5 MP a*^(7)jjPJ!£^Ti^S 
6 0MPaSrjB^.SSnJEE*T«^-f 
8*HiaS<Oft«f^fflUT»SL/<ft:<, 10-50 
MP aS«©ffi*T*»tt«N8M»*»»6n«J:3T» 

[0034] «terc^gftjm}»as«K»©*^ 

lil:J;DJlft«^ M3 0 0-1 2 0 0t, »£L 
<H4 0 0-9 0 0tIS<!:t§ o £ftfc**U 300 
t*«T?tt«lttftff'3fci&R*:J»a«»&n«l<, 12 0 

[0 0 3 5 ] S&K, «aECDEP»lB#Mtt, 3-5»lg 

[0 0 3 6] f^T, ^C0ct"5^lniJ!ftiaffi«:#-5fc«)^ 
tt, **Jt»»Ttt»8lE/^X«atibT«*.tf4 0 0 

-9 0 0 At«;:i*«»*LK /^x««E<Brai£R 

te, 3 0 0Hz^3 0 kHz©«it*-5C^»SL 

[0 0 3 7] 'Jj* 8&*5««H, &&3&*g« 

[0 0 3 8] (t^5T, **«»«Ttty-f 8^>5=" 
9, 1 0 ^1X^777-1 h*/B^T^*<BTf#5n* 
»## 5 OS jS&flf tLty777< hft*tf 


(5) &m 2000-200621 

[0 0 3 9] ±5fiLfcJ:5K:**«i»«0-**»lfc 
«tn«, ifiBMffX4 <h LTL i T i 2 (PO4) 3 
L T JOEETTtt* y 7 X^m& \Z&0 ffi&fc £ ft 

fc, lESfS^S^LTL i C0O2 £{£fflLTtlt]JETT 
10 1 5 tc^T J; o (cttiSttOKSfffc&BS - 

[0 0 4 0] fc*, ±»©**»IBH*»l80»iB«K* 
«»*4t<D»#7*«JiUTjPEETTtt«y7X^«l 

20 6nfcgs«s^-r*n«Aii. system* 

a 4 ©Sffll tiES 2 XtXftS 3^K0 £ t iz J: 

««H#«*»4©^»B$fc©#S[^iatcift 

[0041] ±mvtcnffimmT*\*}EM2£mm 

£&j$@#flfi?ft4 ±<Oto»7 *«»LT»PEETTtt« 
£\ fta3t««H#*»»4 0fP««ftt&fi<«IA* 

»4©»«ttatniflE j *»**tttiRi±-r*ci:3&*-c* 

[0 0 4 2] ZZIZ. ±5*Ufcjtlfi»JiT?tt— 

cin^«issn'riEtt2 ^iiiM«?i4it 
^ ^3 7 £«g L/t 3 m&mmzmtsisT&tt 

^i^HLTfefiK 1 ©ff HSrSE 

[0 0 4 3] ±&Lfc^ifi»iST«fffi«B#«B 

S4^bTL i t 1 2 (P04) 3 zmmis, jEUftwn 

£LTLiCo02 £<£fflU MiSMtLT'JW 

ttR&nrft«B*«Mii4 &jE«sttK^jias«i( 
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[0 0 4 4] 

[&m&n (jt««i) LiTi 2 (P04) 3 

*IC<fc¥*fcJtfcfcSJ:3ff*UfcO. 5MGDL i O 
H, HzTiOa, H3P04©#*B«*B^2fttf«# 

fcfi6ttlR*a*»*rft»U liLWblOOlCT* 
-*B«»**«ctlcJ;0, L i T it (P0 4 ) 3 

[0 0 4 5] »snfc»#K#LT* £££!tt?8MRtt 

(sem) iz^zmmt, xmmm (xrd) ji&a 

(TG/DTA) ftfrofco 
[0 0 4 6] SEMfc<fc*«*|g*ft0 3K;rr. KBI 

(c^-r^-sic LiTiz (P04) 3 mm\*¥-i%w.%i& 

/Tt. £ btC, TG/DTA©3e*«:ia8^^"r. I^B 

[0 0 4 7] (Jt«fcl2) IMtDCo (OH) z \Z4. 

5MONaOH^ITLT, Co (OH) 2 8t»£» 
fco c:n^a*i3fc^iitfiii:JcJ:0»{fc:S^ CoO 
OH&mco f#f»nfcCoOOH02. 7 g<hrftI£OL 

iOH-H 2 O(^)5 0g^l 0 0mlIg*l:An, 7^ 

KcfcD, LiCoOz »*ftf#*;r<ha<-e*fc. 

[0048] m*>ntcmmzMi,T* ^mm^-mmm 

(SEM) Kcfc5«SS«hXfi#W (XRD) Zft-ifCo 

sEmz&zmmm&zmi i\z^ 0 mmiz^T^o 

IZ. LiCoOz »*H±S^ft0. 2/im«fM 
XRD(7)*S^£g|l 5^ 

To 

[0 0 4 9] (Jt««3) L i T i 2 (PO4) 3 mmz 
1 9 0MPa(DBErt*Jffl*T*>fc, 1 0 0t 

\z3mmmmLfzo ^nfccto 

[0 0 5 0] ^(OflSISttfcttUT. j£tt£(*t?BfiKtt 
(SEM) Kcfc*tSSS£Xig§&fl?#r (XRD) ftfT^fca 

[0051] sEMiz&z>mm&m*m6iz7Fi-r„ mm 
\ztf?£o\z, zLommmt, K«m©L * t i 2 (p 

O4) 3 »*tH*OT^Ii1i»2Mm(0»tt^6jSE 

£S7lC^To [^^^^-Tcfcptr, T i P2 O7 O^j&S 
ttlift&nfc^ofc. ilOSBSHl. 6g/cm 3 , 5 


(6) ^2 0 0 0-2 0 0 6 2 1 

70 

4*"C*ofc. 

[0 0 5 2] 2*>\Z. C<D«§ie#(D««ttOiaSttfiFtt 
*H9KiR-r. 5 0tt»10 

■ 8 S/cmtrfeofco 

[0 0 5 3] ^©«§»#<OW«tt<t:ffifl[i(3[)H« 

[0 0 5 4] (Jtttfl4) KR'J^A (L i 2CO3) 
£BKb^> (T i O2 ) tU^KJ^-^A ( (N 
H4) 2HPO4 ) tk3^6. @ffiM^ffitCj;oTL i T i 
10 2 (PO4) 3 ftWRLfc. Z.<DL i T i 2 (POO 3 ft 
3-;l,H^l/XLTt#^nfcjB&ft(DMH 2. 3g 

#ttftH2 2Jr^-r. 

[0 0 5 5] (Jt«0S5) L i T i 2 (PO4) 3 ffijfcR 
^LiCoOz LT«HSflcft»fc. 

[0 0 5 6] (*JKM 1 ) »*^7Xv«tt81 6 t L 
20 T, tt££i^i£§g| (M0 SM^XTl^iSPS- 
5 15SM^fe. ^8«y7 7r<NilTfill. 
5 cmt&HIHfl^fcttftffl^Jfc. C(D^8i:L i T i 
2 (PO4) 3 ©*ftA*lT, E^}P = 39MPa^4A 
8 0 0-1 3 0 0 A<Dift8ltA;WX««tftSIflJUT 

ftS^Siir^eiit^tO^-f 8<Dfi*ft6 0 0. 8 0 
0, 9 5 0, 1 1 0 0, 1 2 0 OTCKS-Cl 5 Ot/m 

1 n60»j^-e±#$-frfe. MSl:Ilfcf,3-i o# 

50 aUfe. CCO^aiH, ^ l^T 1 2 0 0t*^6 OOt 

just****, 8 0 oteiTTi^brct)(DT^nra 
T#ntf*s+T2i$M8 0 ot^taiiaoie 

ftatOR^fc. iintC^D, IS 1 . 5 cmCOL i T i 

2 (PO4) 3 ©«S«f#ft»fc. 

[0 0 5 7 ] fit, »6n&**#lC#LT, «*9 
VPBWB (SEM) fccfc*«fci, Xlg«r (XR 
40 D) X*;^»«S!»ttX»««- (EDX) fc, M 
**»«T/«»J»*W (TG/DTA) t, 

(I R) tJCfc^WWftfrofc. 

[0 0 5 8 ] SEMlC«t-5«*tt*ftH4fttKH5^:« 
w mi*©tttt#tfil^:flf»l:»&LT»iAm- 1 0 

50 [0 0 5 9] ^©SStt#©XRDOl8*tH7H 
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TiPz O7 tttt«^^X^i*tt4"lC*tt«L i T 
it (PO4) a j^6©L i ©«KfcJ:0»JSSftfc*>G> 
i^f.n§. *bT, #£*£#<7)L i T i 2 (PO4) 3 

2 0 Ott'l 0»nB»«^^XTj»lSLfct)©<Z)«K 
tt. 2. 4g/cm 3 , 8 1%T'^oL ctoT, HiS 

«iT»6nfc»«X7Xv«ieu:«k4«ie»tt, its 

[0 0 6 0] 1 2 0 0tT'10MM^7X 

^ftlBbfcSSJIg#<Z>TG/DtA©JS*§H8^T. 
^^CitDTA^ltft iP^ff#tC7 9 7-8 0 3 

80-79 0 1 t^T^sft-r tf - ^ ^1 ^ n 

fz 0 HBIfC^-rTGOje*T«, 1 2 0 0t:^T 

©fi«tB*«196*SST*ofc. LiTi 2 
(P0 4 ) 3 &tfL i NO3 36^6j**-&fiK««Wk:*(ri 

t, Li 4 p 2 07 &*<D&mnMn$:mmm<k-rz>z. 
«X7Xv«s«Wf»cH«©aa**±T4 <t#^ ^n^> 0 

Tftt)*. gyg#:<E>L i T i 2 (PO4) 3t(:^©T 

1 P2 O7 n§ C i HJ: 0 ±i(^) 8 

[0 0 6 1 ] 4««#©ai«ttC!)aflMK#tt*H 
9{C^1" Q £<E>~>^ 1 2 0 0tT10»B»«^7X' 
Vtt«Lfc«JB#<&***fcL 50t^lO^S/c 

2 o ox;T~3ttmfom7yX^mmvfzffim{*<Dmmm 
mm*. iMio- 3 s/cm*i^r), zmrass 
mmmm (6. 9xio- 7 s/cm) 080. 

[0062] zztZs znmmwomn&tmmtow 

[0 0 6 3] UOOttS^IM^X^i 
gUcIMCO^TI Rtftfrftfrofctt*, 3 4 0 0 
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72 

t < t h co -f * > <d fcm \z x % \mm-c 
[0 0 6 4] mmM2) ±m\siz&mmi tm&\z* 

U (PO4) 3 »*oftbOl:L i C0O2 

[0 0 6 5] fit, »6tlfc«ie#fc»LT, ££9 

ifiai (sem) iz^zmmt. xmmtir (xr 

70 D) Zft-Dfz* 

[0 0 6 6] SEM^J:S«»jB**Bll 

[0 0 6 7] £fc, uO«S«ftOXRD©«*«:ai5 

tc^-r. i^ia^^-rj:^^, tf(oco3 04 Koo 

^(flo^«*^16n&. eine»o^F>B«ttL i CoO 
2 <Dftmz&K)&%tlZ>h<D'V&Z), ^0ltt8OOt 

20 (006) tr-^<h (009) tr--*jw£fi-rs 

CtWO, ^tllJil4^TL iCo02 0c| 

6 0 OtTS^IHftm^XvKlgbfcttilSflcOftflE 
te, 3. lg/cm 3 , 6 1%«0, 8 0 0t:T*5^ 
M»«X^X-7ttteUfct>O0>?BK«, 3. 3g/cm 

£LTte, 6 0 0tSfttt8 0 0tT5»WI[«^7X 
30 fz 0 

[0 0 6 8] (*Jfi«3) ±»bfcHJS«l, 2<hl^*£ 
i T i 2 (PO4) 3 »*»0. 4 g&tfL i C 0O2 & 

*»o. s g&z.<Dmiz\tiTmt&um&8 0 ox:\z\s 

[0 0 6 9] ^LT, »6tlfctt^ff 5K»UT, j£SE 
^m^®«« (SEM) K:J;S**£, X&fiW (XR 
D) X.*)],#&WLaW&xmilffi (ED X) ££fT 

[0 0 7 0] SEMKctSSSMSSSrHl 6 (C^To H 

«Bft«*Mt (LiTiz (PO4) 3 ) 4 <h jE@f£$&S 

(LiCo0 2 ) ^0 2B©gS«i:IS$nfc, 
f6=4§ 2 2 -z<Dm = m2 2\tm^<D 

[0 0 7 1 ] H 1 6 K^m^te 5 CD#®cO A - 

B«±(OEDXHJ:*7C*»ffiai3£iB*«:Hl 7 tC^ 
50 t„ HHlc^-Tck'SK, #®SB#TT i , Co, P <Dyz 
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[0072] Z$\Z. £<£>L i T i 2 (PO4) 3 i 

coo 2 <Dm&®*mm7?x^mmi,frm&&<DXR 

D0^il8l:^to l^atc^Tcfco^, CoTi 

03 <h C o 2 Ti0 4 tLiCoPO< ^CD^FM%^ 
btl/io ^(Dfctb. HHffi 2 2 te, dtlbC o T i O3 
iCoz T1O4 tLiCoP04 0^<it)lOt 

[0 0 7 3] (*M^J4) Jiaib^JgWS^^^^, 

2 (po 4 ) 3 ^^<jo. 4gMi i C002 mmt) 

0. 5 g^: Chilli HAnT> m*P = 3 9MP a£-^;L 

zz&*> 6 0 0 A<Dmw^)i>xmffi>$:wmisT. y^sco 

0 OrtC^Tl 0 Ot/m i n(DfiJ'&T±#^ 

6 0 oriritb^c^s^r^JtbT, m^ans: 

[0 0 7 4] fit, i6n/:MftHML,T, 

n^mmm (sem) x^»#f (xr 

d> t, ^*)V¥ttmm&&x&Mffi (ed x) <h^tT 

[0 0 7 5] SEMtCct^^^^gll 9Jr^To 

^@#ti«ic 4 h mmmvom t <o 2 ■ 0>»jw*9i«h;:« 

#*5n*SHffl2 2*iffffiT*fc<Ba>, -^CO^Hffi 2 

[0 0 7 6] HI 9f3^-r«-&fr5©»ffi©A- 

B^±(7)EDX{CJ:^5 : c^WJJ^^:^gI2 0 \Z^ 
|p|iatc^*r<fc'5tc:, MS^TT i , Co, PCDk 

[0 0 7 7] COL i T i 2 (PO4) 3 tLi 

C0O2 ©B^ftSM^^XT^lfcftlSftiOXR 
DOlgWftSHl 8fc*T. WIBIfc:»"*\fc'5fc:» C03 O 

4 tCo09^MW«a6nfc. C(Dfc&, 3§Hffl2 
2»4. Cos O4 iCoO0'M<it)-J^I)i:# 

[0 0 7 8] (%lK0g5) SaH«4Tff«lxfc»^<*5 
*ffl^T, ^COL i T i2 (PO4) 3 m\Z. >fU-7# 

[0 0 7 9] C^SMr^ifSlCMLT, 
WftfKftl. 3nA/cm2 , 4. 3 V/ 3. 0V1E 


(8) ^2 0 0 0-2 0 0 6 2 1 

iiM^±#L (Bt«ff2 3) , US 
ift«ff^TBb (Bt»f2 4) . *m^O^H]S§m 
(Hm2 5) **«T«BEtttt. ffl^fciE«2atfH 

*3a>«m**5*wstt*«fc:£SU im<»*M>7 

70 [0 0 8 0] («MM6) BOkVttA (L izCOj) 

£R{fc3 L *> (T i O2 ) ^'J>17>«^A ( (N 

H4) 2HPO4 ) t*^6, HffiSJ5Effi^«toTL i T i 

2 (PO4) 3 &mm\^tio £ G9L i T i 2 (PO4) 3 £ 

SBStt. 2. 7 g/cm-3TX«li§S©9 2 ^T* 
[0 0 8 1 ] Sfc, 02 2l:^fJ;^H, ^»«6T?ft 

6 nfc** y 5 xva&tt ic ct « <z> ^ * >e## 

[0 0 8 2] 

iBto±H*ar*iaicj:ntf, fp«ao«i«H# 

30 So 

[0 0 8 3] SSfc, MB#«MRttiK#»6li« 

[0 0 8 4] B#«2E«<0£H#ffl=:»«»K 
40 [0 0 8 5] $61:, «*«3E8©4B#ar*t» 

[0 0 8 6] g=fc, M*Jl4f2«C7)^@^^-^«^0 
50 [Bl] *SW^41ftiZ*f»0±ft^^Si 
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m m £ 7* -f -f a y $ m r * * . 

[0 3] JtttWlTft&L i T i 2 (PO4) 3 W^SSfltF 

[04] m^?X7jRHl (HOOt. 1 0») CJ: 
DfffcL iTi! (P04) 3 ©tfef^si-tTiiai 

[0 5] »S^7Xv«e (1 2 0 0-0. 10») C± 
DflfcLiTi! (PO4) 3 0&t3#:&;i*-r«?&1Mft 

[06] JtlftW3T?»fcL i T It (PO4) 3 <DM&fr 

[0 7] *««l-C»6nfc««WS#:OXRD©||*Sr 
^-r0TS.-5. 

[0 8] ttttM 1 ilWyjXTftfiSi: J: 0 12 0 0 
t, 1 0»T?«6lS*nfc«HS{*(OTG/DTA©tS** 
^-T0T*-5>. 

[09] ira?7X7Mittlcj:9ft&nfe4Hftlt{t& 

-r0T$>^<, 

[010] tt«7 r 7X^«lttffiK:«tO»6nfc*j»tS# 

[011] Jttt«2-C»fcL i C0O2 <7>&1&m<»®& 
[012] i5t^7XT6I^S (6 0 O-C, 5») K«fc 

5). 


20 i 


[01 3] m^5X7ft»S (8 0 Ot, 5#) 

otffcL i C002 (Dm^^-rm^mmm^MX'i) 

[014] »«^7X7ffieS (lOOOt. 5#) c 
iOftfcL i C0O2 C!}jNlt#«ac'r«mflkM9X-C 

[015] WM.~/ : ? xv^str j: 0 # e>n*:&&*a# 

[016] LiTi! (PO4) 3 tLiCoO! £©Jg 

[017] 0 1 6©A-B^JCt3lt-2)EDXIC«l;-5T 
i, Co. P7c3fc©#*«J3£«SII*iS-f0T*-5. 
[118] SLiTi! (PO4) 3 tLiCoO! ©?g 

[019] L i T i 2 (POO 3 t L i C 0O2 £©& 

[02 0] 0 1 9©A-B^»C^lt-5EDX{C«t5>T 
Co. P5cSfc©#ffia(5t*S^£*-3-0T?&-5. 

2 1] mmms-e&e>nrz<ktti*M~ xm&omtL 

1 ±@#:l!-*a?fi 

2 Eg 

3 Hffi 
4 


[P 


[P 


II] 


[0 2] 
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1 0 fi m 

[0 6] 



1 0 n m 
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it I 

a=8.5128(2)A 
c=20.8S8(6)A 

(1.6 gem*) 

* lA A _ A A _A - — k . 

1200°C lOmin . 

^ — ?J lL . — a A A _ ^ A - 

1100°C10min , 

i I r 

a=8_5129(4)A 
c=20.855(2)A 

(l~9gpm*) 

^ T 1 AA 1 4 A .A -r * * 

800°C3min 

ji K 

a=8J5129<6)A 
c=20.855(3)A 

t (1.4 gem* 3 ) 

T A AA A a a _ a . 

J J 1 

a=*.5i45(2)A 
c=20.857(2)A 


10 20 30 40 50 60 

2 19 /degree, CuK a 
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[1 0] 


12 2] 


A: it««c 



J* #09 2 


[Hii] 


7 -4 h 

o 

b -5|- 


-7 - 


• :H*fe0« 6 


^ \Ea=0.37eV 


X. 

Ea=0.59eY \ 


2.0 2.5 

lOOOT-VK^ 1 


3.0 


COpy 



0 . 6 /z m 
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[0 1 2] 

■MW 2 (6 0 0t 5min) 


COpy 




0 . 6 il m 


CHI 3] 


Jfi^iJ 2 (800 °C 5min) 



<=. ^ 

4 \i m 
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[015] 


•:CoO ▼:Co 3 0 4 

1000°C5min 




a=2.8156(2)A 
| c=14.048(2)A 

800°C5min 

-- 



J 

a=2.8153(2)A 
c=14.0Sl(2)A 

(3.3 gem'*) 

600°C5min 

i 



J 

a=Z8150(6)A 
c=14.060(4)A 

m»J 

§ 

1? 

3 a=2.8l68(4)A 
r c=14.055(2)A 

I § r 


10 20 30 40 50 60 


2 5 /degree, CuK a 
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[Ml 8] 

mmm 3 



2 9 /degree, CuKa 


CH2 l ] 


l 1 1 r 



5 1 1 i 1 1 1 —i I 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 

mm / h 


-17- 


(18) 


2000-200621 


1 9] 


BEST AVAILABLE COPY 


o 

a. 


a 

00 


m 


CO 

p 

o 

o . 

CO 

« 



CVJ 
CVJ 


cvj 


O 

o 
O 


(72) flrft £e£ 

*KMF»ffltiT*Ji ITS 8*31* 


(72)^ig# BB«d am 

*&Jfra!}fflrtji|§£lT@8#31it ifg& 


-18- 


(19) &m2 000-200621 

(72) »93« Mg. mn wjsbw* m\h m^L 

F^-A {##) 5H029 AJ05 AJ06 AJ11 AJ14 AK03 
AL12 AM11 AM12 BJ03 CJ02 
CJ03 DJ09 


-19- 


